Richard Henry Cullen, was born in Bawtry, Yorkshire, into a relatively large family; he had two brothers and three sisters. He worked throughout his life in the railways, until retirement in the 1930s, as Chief Clerk at Lincoln. Alex's mother, Jessie Lamb, was born in Pinwherry, Scotland, and had two brothers. Both his parents were musical, and his father was an early enthusiast for the wireless-they were probably the first family in Cleethorpes to have a wireless set. From these early days, Alex was very intrigued by the wireless set itself. His Uncle Tom was interested in radio, and built his own radio receiver. In this way, he had a considerable influence on Alex, giving him radio constructors' magazines and talking about radio.
After kindergarten in Cleethorpes, and a small private preparatory school in Lincoln, Alex entered Lincoln Grammar School (as it was then) with interests shared between science and music. He was interested in the physics taught at school, especially when, at the age of 13 or 14, he had an excellent and inspiring physics master, D. G. Stollery, a Cambridge graduate. Stollery told anecdotes about Cambridge in Rutherford's days, when Kapitza worked on high magnetic fields. Physics was Alex's favourite subject with maths a close second, though the latter was a subject that he admitted 'didn't come easily'. He played the violin in the school orchestra and drums in the school jazz band, and had two very musical friends: Neville Marriner, who also played the violin, and Steve Race. Neville was to become the famous conductor, while Steve was to become a jazz musician and broadcaster who achieved fame for his radio and television programmes, My Music. Both had a considerable influence on Alex. Alex went on to play drums in dance bands in Lincoln and later in London. He was a member of the Musicians' Union and played regularly with professional bands until, in his early thirties, he became too busy with the engineering side of his activities, and so drums had to become a hobby.
When time came to think seriously about a career, Alex faced a dilemma. He had made a number of radio sets, starting with a crystal set and headphones, and graduating to a three-valve set with a loudspeaker. He added a short-wave converter and so could pick up Schenectady in the USA and listen to much fascinating music. He also converted his radio into a recording set-up with aluminium discs and triangular wooden 'needles', using a magnetic 'moving-iron' pick-up as a recording head and his loudspeaker as a microphone. With this, he and Steve Race recorded their piano and drums pieces-another way in which radio engineering and music came together.
Radio engineering would be a fine career, he thought, but playing drums would be more exciting. His parents said wisely that they would have no objection to music as a career so long as he qualified first as an electrical engineer. This seemed a good bargain to Alex, especially as he had thought of becoming a radio engineer at the BBC, once again combining his musical and engineering interests. After some discussion, Imperial College London was chosen, especially since he could enter straight into the second year of the three-year course if he passed the Intermediate BSc examination first.
In October 1938 Alex became an undergraduate at City and Guilds College, the engineering section of Imperial College, entering directly into the second year of the three-year course. Normally Alex would have expected to take his finals at the end of the next year, spending his fourth year on a research project. The outbreak of war, however, took precedence over that final year, which he never completed. The second-year engineering course was quite general, with all except the chemical engineers taking the same subjects. Besides the mechanical topics, Alex enjoyed the lectures on modern physics and in year three he chose the Communications course, studying radio engineering, telegraphy and telephony, and elasticity. This last course was based on Rayleigh's Theory of Sound (1894) and turned out to be very relevant to Alex's later research. He also took lectures in electromagnetic theory, the lecturer in radio engineering being David Tombs. Alex was always grateful to him for his sympathetic help. Geoff Brown was Alex's lab partner, and he was to become a staunch friend and colleague for many years. They graduated together, and in July 1940 they were both sent to Farnborough. Immediately after graduation, Alex married Margaret, née Lamb, a cousin and professional ballet dancer. They had two sons, Michael and David, and a daughter, Isobel.
Farnborough
At the Radio Department of the Royal Aircraft Establishment (RAE), Farnborough, Alex and Geoff Brown initially both worked on radar-or radio direction finding (RDF), as it was called in the UK. Alex was personally very interested in antenna theory and the associated experimental work, and these were the topics on which he was to spend most of his war years.
His first experience was with the Chain Home (CH) system of radar stations. In July 1940 he was a junior member of a phasing party, whose task was to check and correct the, often inaccurate, relative phases of the receiving antennae on which azimuth information depended. This was a rush job, the phasing of the CH stations had only just been completed before the Battle of Britain began, and it was the first occasion when radar really proved its worth. When the phasing work was finished, Alex went back to Farnborough, and there began work on the Chain Home Low (CHL) and Ground Control Interception (GCI) stations at the much higher frequency of 200 MHz. The antenna arrays were much more interesting and by now Alex was getting to grips with the theory. A gift from his parents enabled him to buy several books on mathematics: Weatherburn's Vector Analysis in two volumes, McLachlan's Bessel Functions for Engineers, Whittaker and Watson's Modern Analysis and so on. He also went to classes on the theory of analytic functions at the local technical college. This improved knowledge of mathematics enhanced his understanding of the electromagnetic theory of antennae. After a short period on video-circuit development, he was moved to work on microwave antennae, which he found really fascinating.
Waveguide-fed arrays of slots had just been invented and were soon in use for narrow-beam antennae. Because of the short wavelength, it was now possible to produce beams only a few degrees in width. A visit to the Marconi company at Great Baddow and conversations with N. M. Rust and J. F. Ramsay alerted Alex to the possibility of producing beams shaped to any desired profile, in contrast to a simple narrow pencil beam. They had not managed to devise a practical way of doing this, but they explained the Fourier transform approach to the theory. Back at Farnborough, Alex eventually had the idea of using a slotted waveguide array with variable spacing between the slots to control the phase distribution. The correct spacing was found by Fourier transform analysis, coupled with a graphical construction. Alex remembered the astonishment of the rather cynical assistant who carried out the first experimental test of the new idea-it worked! This was Alex's first truly independent piece of research. He was later involved in various other developments in antennae and microwave circuitry-but at the end of the war, he began to consider what to do next.
There was the possibility of staying on at Farnborough, to continue working on the civil aviation project with which he was already involved, which concerned the possibilities for guidance and blind landing. He accompanied a highly respected section leader to look at some muddy fields west of London where a blind landing radar might be situated-these fields later became famous as Heathrow Airport. However, Alex had always been interested in the possibility of teaching, and the combination of research and teaching, which university life offered, seemed an ideal career. He asked for advice from Jack Meek, who had just been appointed to a Chair at Liverpool, and Meek suggested that he should apply for an assistant lectureship at Liverpool, but added that it would be a good idea to publish some of his work. Shortly afterwards, he received a letter from John Ratcliffe (FRS 1951) saying that Frank Goward at Malvern had had the same idea for shaping microwave antenna beams. They wrote a joint paper for the Radiolocation Convention, which was to take place at the Institution of Electrical Engineers (IEE) in London in 1946 (1) .
The head of the Radio Department at RAE until the end of the war was Dr Harold Barlow (later Professor Barlow FRS) who had earlier shown a kindly interest in Alex's work. He had just returned to a Chair at University College London (UCL) and Alex felt that he would be able to give good advice about the Liverpool possibility. But on meeting Barlow, Alex was instead offered a full lectureship at UCL. So began a most happy relationship, which continued for over 40 years until Barlow's death in 1989.
University College London
When Alex started at UCL on 1 May 1946, he, his wife and three young children were living in a rented house in Farnborough and so Alex travelled to London and back each day by train. Alex found out quickly that lecturing was by no means a simple task, especially to a fairly large first-year class of more than 60 students. Research was not really feasible during his first year or so. Apart from lecture preparation, Alex had to devise a set of laboratory experiments for a new final-year course on telecommunications as well as teach first-year and final-year laboratory classes, with the associated marking of reports. This was all very new and exciting, but Alex felt the responsibility acutely and was glad when his first year was over. After that, he began to enjoy teaching. As the years went by, his pleasure in teaching increased and remained with him for the rest of his academic life. In September 1947, he and the family moved to London.
Harold Barlow gave a course of public lectures on microwaves, for which Alex provided some lecture demonstrations. Harold wrote a book, Micro-waves and Wave Guides, published by Constable in 1947, and they then asked Harold to write a book on microwave measurements. Harold asked Alex if he would collaborate with him as co-author and Alex accepted at once (2). The work took up just about all the time he could spare from his teaching duties, though he completed some theoretical work, which resulted in a few published papers. The book, published in 1950, was well received. It was translated and published in Russian in 1952 and in Chinese in 1961, but the authors did not find out about that until many years later.
Once the book was out of the way, Harold urged Alex to work on a PhD. When still at RAE, Alex had registered as an external student of London University, thinking that some of the antenna work towards the end of his time at RAE would be a good topic for further research. However, there seemed no possibility at that time at UCL of making the necessary antenna pattern measurements, which would have been so easy at Farnborough. Harold was interested in the electrical breakdown of air at microwave frequencies, at that time a hot topic.
This interested Alex too, as well as being more suitable given the limited facilities at UCL for antenna work, so he changed his research topic.
The least satisfactory aspect of previous work on this problem was the measurement of the electric field strength. Early work had used a narrowed down waveguide to obtain the necessary high field strengths. The field strength was then calculated from the power flow, measured by one of the standard available techniques. Alex intended to use a cavity rather than a waveguide to achieve the high field strength needed and so this way of finding the field strength was not directly applicable. At the very least it would require the determination, by measurement or by calculation, of the coupling between the cavity and the waveguide feeding it. It occurred to Alex that there must be a mechanical force exerted on the end face of the cavity due to the magnetic field. This magnetic field was simply related to the electric field, so that if the magnetic field could be determined accurately, the electric field could be found with equal accuracy. Calculation of the mechanical force showed that although very small it might just be measurable. It was some time before Alex realized that what he would be measuring was microwave radiation pressure! But he also realized that this measurement would be absolute, in the sense that calibration of the torsion balance, by which the force would be measured, would only involve mass, length and time. He also realized that, if the problem of the coupling between the cavity and the waveguide could be solved, the technique could form the basis of an absolute method of power measurement at microwave frequencies. This would be a much more important and fundamental achievement than the microwave breakdown problem from which the idea originated. Once again, Alex applied to the University of London for permission to change the topic and title of his PhD registration, and this was agreed.
This was his first substantial piece of research work at UCL (3, 4). With his first apparatus, he was able to measure microwave power in the range 10 to 50 watts at a wavelength of 9.1 cm. Comparison with a water calorimeter showed that the new method agreed with the water calorimeter to within 1-2 watts over the entire range. This initiated a programme of work on pressure and torque-operated wattmeters which continued for over a decade. He aimed to achieve higher accuracies and shorter wavelengths, eventually leading to power measurements of less than one milliwatt at a wavelength of 8 mm with an accuracy of 2-3%. A number of research students took part in this work, which led to two commercially available instruments. The original aim was to check the accuracy of heat-operated instruments such as water calorimeters and thermistors. In the latter case, there was some doubt about the assumption that the current distribution under microwave conditions was the same as under the direct current conditions used in calibrating the thermistor.
His next major piece of research at UCL was a new perturbation technique for measuring electromagnetic fields in free space (5) . This enabled the measurement of the radiation pattern of an antenna using a modulated near-field scatterer. The earlier mechanically rotating smalldipole was soon replaced by an electronically modulated scatterer and, most importantly, allowed a much smaller arrangement than the conventional anechoic chamber. Much later, it led to an antenna measurement range marketed by the French company SATIMO.
With his research student Herbert French (later OBE, FREng), and with the help of friends at the Radio Research Station at Slough and at the Royal Radar Establishment at Malvern, careful comparisons were made between the water calorimeter and their torque-operated wattmeter. The results were within the combined uncertainties of the two instruments (7) . Having established the validity of the torque-operated instrument, they turned to the thermistor problem. Experiments in which another former student, Sogo Okamura (subsequently Professor of Electronics at Tokyo University), was involved showed that the thermistor did not suffer significantly from the suspected possible current distribution error. This work led to Alex being appointed as a consultant to Wayne Kerr Laboratories, who made a later version of the torque-operated wattmeter, and marketed it successfully.
There were other pieces of research at UCL which attracted attention. First, there was theoretical and experimental work on the kinetic and space-charge-wave theories of the klystron, which led to Alex being appointed a consultant to Ferranti. Then came a theoretical and experimental demonstration of the launching of surface waves by a line source, in particular disproving the widely held belief that, for efficient launching, the source must be as close to the surface as possible. This work led to Alex's appointment as a consultant to GEC Schenectady.
In 1955 the title of Reader was conferred on Alex, but during that same year, Alex's wife noticed an advertisement for a Chair in Electrical Engineering at the University of Sheffield. To his surprise, he was appointed, and became the first Professor of Electrical Engineering at Sheffield in October 1955.
University of Sheffield 1955-1967
In his time at UCL, Alex had taken no interest in the administration and so, as the head of department at Sheffield, this had to change. Sheffield's Electrical Engineering department had six academic staff, with a first-year intake of about 15 students. With a new engineering building recently completed, it was obvious that something had to be done about the small size of intake. For a few years, Alex strove to improve recruitment by arranging staff visits to schools, improving brochures and so on. Indeed, the intake slowly increased, but the real solution came in an unexpected way.
One day, Alex had a telephone call from the headmaster of a local school asking his advice about university courses in electronics. There were at that time just three university departments with the word 'electronics' in their title. Was he right in assuming that these were the only ones teaching the subject? This was certainly not the case. In fact, it would be safe to assume that every department of electrical engineering in the country ran such a course, but, if a local headmaster did not know that his local university ran such courses, there must be a vast number of other headmasters similarly ill-informed. Alex therefore decided that the name of the department should be changed to Electronic and Electrical Engineering, with a separate listing of the 'electronics' course in the Universities Central Council on Admissions (UCCA) handbook. The effect was dramatic: the number of applications doubled in the first year. Not only was it then easy to fill the department's first-year places, but they could set higher standards for admission. In his final years at Sheffield, he was Dean of the Faculty of Engineering.
On the teaching side, Alex made changes, mainly in the direction of increasing the fundamental theoretical content of the courses, and in introducing more electronics experiments into the laboratory courses. Research began on microwave electronics with a substantial government agency grant. When the Harwell work on controlled thermonuclear reactions was first made public, Alex was attracted by the possibility of measuring the electron distribution in an ionized plasma column using millimetre waves. Eventually, a Department of Science and Industrial Research (DSIR) grant of £30,000 was obtained and some new techniques were developed. Also, a strong interaction with the University of Liverpool began, especially with Professor John Craggs.
Alex's interest in surface waves continued, with a number of research students. It led to a new method for the measurement of the permittivity and loss tangent, a measure of the electrical loss, of glass at high temperatures, work carried out in collaboration with the Department of Glass Technology (6) . Several pieces of work were stimulated by outside contacts. For example, during a short stay at the National Bureau of Standards in Boulder, Colorado, Alex wrote a short paper on resonance effects due to surface effects running around a cylinder with a reactive surface impedance. On returning to Sheffield, this idea was followed up experimentally and theoretically for surface waves running around dielectric tubes. Then his consultancy with GEC Schenectady led to research on overmoded waveguides for highpower microwave transmission. Alex also devised a different type of absolute millimetre-wave wattmeter based on the angular momentum of a circularly polarized wave. Mechanical resonance was used to enhance the sensitivity, and power levels of around 70 mW at 35 GHz were measured with an uncertainty of about 4%.
While at Sheffield, Alex felt fortunate in his colleagues and students; it was a happy department and he might have stayed there very contentedly until retirement, but three things led to a change of heart. In 1959 he had an invitation to spend three months in the Microwave Laboratory at Stanford University in California. This temporary transfer to a completely different environment was most stimulating. He became very interested in some of the Stanford work and wrote a couple of reports during this period, also attending conferences and meeting many very bright people.
In 1964 Dr George Macfarlane, then the Director of the Royal Radar Association (RRA) Malvern, asked Alex if he would be interested in becoming the head of the Physics Department at Malvern. Though tempted, he decided to stay in academic life. Then, in 1965, he took a semi-sabbatical period of leave from Sheffield to work for a semester at Berkeley, doing some teaching, at his own request, as well as research. Alex taught an undergraduate laboratory course on microwave measurements, and a graduate course on microwave circuits leading to a Master's degree. He found the American students very lively, and much more inclined to ask questions than the rather less extrovert students in the UK. On the research side, he worked with Ken Mei's antenna group, helping to supervise their research students. Alex, his wife and their 18-year-old daughter Isobel were together on this trip, and they all took full advantage of all the good things that Berkeley and its surroundings had to offer.
These three experiences, especially the third one, had an unsettling effect on Alex. He realized that, if he stayed in his Sheffield chair until retirement, he would have been in the same job for 30 years. Would he still be as enthusiastic at the end of that time? Then Alex received a letter from Sir Ifor (later Lord) Evans, Provost of University College London, inviting him to fill the Pender Chair of Electrical Engineering at UCL in succession to Harold Barlow, who was soon to retire. About the same time, Alex was also asked if he was interested in a BBC Head of Research post, and he was tentatively sounded out about a similar post at the National Physical Laboratory (NPL). But UCL stood out above the other possibilities as the one thing that might persuade Alex to leave Sheffield, where he and his wife had spent 12 very happy years. He returned to UCL, though at first with a rather heavy heart at the prospect of leaving such a fine department, now increased from six to 12 academic staff, and so many good friends.
University College London: Pender Professor 1967-1980
Returning to UCL was a great pleasure for Alex. He was fortunate in being able to bring with him two of his closest colleagues from Sheffield, Dr J. Brian Davies and Dr Peter N. Robson. Robson, however, was soon attracted back to Sheffield as a professor, where he had a most distinguished career. Alex was also looking forward to having Professor Eric Ash as a colleague. He asked Harold Barlow to stay on in the department as an Honorary Research Fellow, which happily he agreed to do, an arrangement that continued for many years until eventually ill health prevented him from coming up to London. Apart from these good friends, the department was very strong in microwave expertise, exactly suiting Alex's own interests. Moreover, the department was now in a fine new building. But history was beginning to repeat itself: Alex faced the challenge of bringing the undergraduate intake up from its current level of 16 to the intended number of about 35. Fortunately, he recognized the problem and knew the solution. At an early meeting of the department, Alex proposed to change its name to Electronic and Electrical Engineering with separate identification of the electronics option in the UCCA book. He was confident of the result, and indeed the number of applications subsequently doubled.
Alex felt the need for a change of direction in his research interests. He had become interested in optical open resonators as used in lasers during the Sheffield years. It seemed to him that there was great potential for using open resonators for millimetre-wave measurements, and, accordingly, with one of his first research students, he started work on the measurement of the extinction cross-section of a sphere (8). Other applications followed: the scattering width of a metal cylinder (9) and, in particular, measurement of the permittivity and loss tangent of low-loss dielectric materials. This became a major activity in the department for many years. Plane sheets were measured in the mid plane of a resonator with spherical mirrors, and cylinders were measured using a barrel-shaped resonator (10, 11) . The theory was also improved using the complex-source-point method. At about this time, the NPL independently had the same idea. Curiously, both programmes were supported by the Post Office, but they were not told about each other's activities and only discovered the overlap by accident at a conference after about a year or so. There may have been a good reason for this initial separation of these activities, but once they got together, they collaborated fully. NPL used UCL's basic theoretical analysis with a useful modification. They used each other's theory and results most happily from that point onwards.
Alex also inherited responsibility for research on long-distance millimetre waveguide communication systems, also supported by the Post Office, using a long waveguide run at the old airfield at Martlesham Heath in Suffolk. Another of his interests was in harmonic phase locking as a method of digital phase control. He used this idea in beam steering of a microwave antenna. He also made use of the essentially error-free phase shifting technique in a new method of Q-factor measurement with an uncertainty as low as 0.5%.
Another research activity began in an unusual way. Alex read the obituary notice in The Times of Professor Dean, who had been Professor of Applied Mathematics at UCL when Alex was a young lecturer there. Dean had proved, it said, a remarkable theorem in hydrodynamics: a submerged cylinder of circular cross-section with an incident lowamplitude wave would have a reflection coefficient of zero. Alex wondered if there might be a similar theorem in electrodynamics. He gave a simple proof that this would be the case for a metal cylinder of elliptical cross-section with an incident electromagnetic surface wave. However, his proof omitted a term dependent on the magnetic field. Colleagues in mathematics at UCL and at Imperial College drew his attention to this, and they jointly published a note on the subject showing that the theorem held in the corrected theory with a slightly modified ellipticity. Alex later set up a microwave experiment to verify the theory, demonstrating in particular that in this case the reflection coefficient would only be zero at a specific frequency, and that this was in accord with the corrected theory. He also showed experimentally, with a water tank model, that with a submerged cylinder of circular crosssection rotating about an axis parallel to, but offset from, its own axis, it is possible to set up waves travelling away from the cylinder on one side only-which side depended on the direction of rotation.
The foregoing describes Alex's own research interests, but there was already in existence a most powerful group led by Eric Ash. Alex's group was known as the Electromagnetics Group and Eric's as the Physical Electronics Group. Eric and Alex both thought that it would be valuable to add a Systems Group to widen the scope of the department's researches. Professor Brailsford, a power-oriented engineer with an interest in losses in magnetic materials at 50 Hz, was due to retire. Alex knew whom he wanted to fill the gap. Soon after Alex's appointment at Sheffield, he had been external examiner at Birmingham of a very bright MSc student, D. E. N. Davies (now Sir David Davies FRS). Later, he examined his PhD and was tremendously impressed. Eric had to be persuaded first, of course, but once Eric had met Den, as they always called him, there was no difficulty. Den Davies was appointed, and set up and ran the Systems Group.
Just before the Systems Group was set up, Alex had recognized that one of the problems with funding from the Science and Engineering Research Council (SERC) was that, whereas it was possible to get equipment for a piece of research given a specific, well-justified need, it was not easy in engineering research to obtain general-purpose equipment. For example, a powerful computer that would be used for several projects, but which could not be justified on the basis of one single project alone, was hard to obtain. He therefore proposed to the SERC to set up a microwave research unit, which could itself be a focus for general funding for the rather advanced type that Eric and Alex wanted to carry out. In due course, the Microwave Research Unit was set up, which in 1970 led to a major grant of almost £140,000 for a five-year period. This enabled the department to appoint six additional research staff and to buy a small computer, very powerful for its day, together with other pieces of general-purpose equipment. They were given an unusual degree of freedom in their research programme, subject to the regular and detailed scrutiny of a monitoring panel under an independent chairman. This was highly successful and continued for many years, with successively larger grants in subsequent years. During Alex's time as Pender Professor, there were two additional grants, for £214,000 and £360,000 respectively.
In the late 1970s Eric received offers of interesting jobs elsewhere. He was such a key member of the Microwave Research Unit that Alex disliked intensely the thought of losing him. So, Alex applied to the SERC for a Senior Research Fellowship, which would pay his own salary, so allowing him to give up the headship of the department and be able to concentrate solely on research. This enabled Eric to take over as head of department. For Alex it was a relief to give up the administrative work associated with running a department. Including his Sheffield years, he had been doing this job for 25 years, which he thought was about enough! University College London: college administration Soon after Alex's arrival at UCL in 1967, a new scheme for the allocation of equipment grants to universities was introduced by the University Grants Committee (UGC). Accordingly, a committee under the chairmanship of Andrew Huxley (FRS 1955) was set up to devise a scheme for allocating UCL's equipment to the various departments in the college. Starting ab initio, Huxley's scheme was completely logical, based on the expensiveness of the discipline, the number of undergraduates and the number of postgraduates. It was obviously a good solution to the distribution problem and was accepted. This grant was of course additional to the existing departmental grants, which were for general purposes, and had no obvious logical foundation. Alex worked out that if departmental grants were distributed in the same way as equipment grants, the engineering departments would be considerably better off. Having alerted his colleagues to this, he wrote to the Provost, Lord Annan, and suggested that this anomaly should be investigated. Annan agreed, and asked Alex to chair a committee analogous to the Huxley one, to look into the matter and to make proposals. Alex accepted this duty, though with some trepidation. The committee would have some powerful members who would not be expected to welcome diverting more money to engineering: J. Z. Young (FRS 1945) (Anatomy) and Harrie Massey (FRS 1940) (Physics), for example. In the end, a scheme was agreed, and Alex was glad to find that all members of his committee were content with the result. This scheme was employed by the college for many years.
After this work, the Provost asked Alex to chair a new committee to look at equipment grants, and this time he took on the task more happily, having the experience of the departmental grants behind him. One factor that he introduced was to give credit to a department for the amount of money it brought into the college from external sources, in addition to student load. This scheme was also accepted by the college. Although engineering was primarily in his mind at the outset, and did indeed benefit from the work of these two committees, the experience of going round the college with a few members of the committee to talk to those departments whose needs were difficult to assess was most rewarding, and perhaps led to those departments having a bit more confidence in the methods. Alex even made some good friends in the process! He also became involved in various other college and university committees, and served a term as Dean of the Engineering Faculty, but by 1980, when the SERC Fellowship came through, relief was the dominant reaction to losing all of this administrative work.
Research Fellow
In 1980, Alex was able to concentrate full time on research as a SERC Senior Fellow. A topic that had begun to interest him greatly was the so-called six-port technique for measuring microwave circuits. The technique was used to verify independently the accuracy of the (then) ubiquitous network analysers. His understanding of the theoretical aspects of multiport couplers made him an impressive user of the large scattering matrices involved. Several papers resulted, including a few on the remarkable properties of the symmetrical five-port junction (14, 15) . A particular problem with the six-port methods was the possible generation of harmonics and associated errors if the detectors used were sensitive to secondharmonics of the fundamental frequency. Alex started work on a balanced form of the Schottky barrier diode which would not respond to such harmonics. Special diodes were made for this research by GEC at Lincoln, this work leading to two IEE papers (12, 13) . It also attracted interest at the National Bureau of Standards in Boulder, Colorado, where he gave a lecture on the subject during one of his visits. Alex was always interested and helpful to other groups working on related devices. He advised Richard Collier's group, at the University of Kent, as they developed their six-port reflectometer in microstrip. He also devised two different implementations of an eight-port technique, one using conventional microwave circuitry and another using a quasi-optical circuit. Both techniques were shown to work well. Another interest was in the theory and use of rectangular dielectric waveguides at millimetre wavelengths. His publications in this area were classics and he was able to show the non-existence of an explicit solution for the propagating modes.
During his tenure of the SERC Fellowship, he kept in touch with the Marconi Instrument Company on six-port and related techniques, and when the Fellowship came to an end, he became a consultant to the company. Another measurement topic arose from a paper that he had written, suggesting a way of measuring the complex permittivity and permeability using a free-wave method for materials too lossy for the open-resonator method to be feasible. This work attracted the attention of the Defence Research Agency (DRA) at Holton Heath. Support was offered for a programme of work on an extension of the method. Professor Hugh Griffiths (a colleague in the department) and Dr A. C. Lynch, an Honorary Research Fellow in the department, both joined as active participants in the work, which continued for a number of years. Eventually, the apparatus was developed by DRA for use in their laboratories. The joint work led to an IEE paper (16) in 1995 with several other authors from UCL and Holton Heath; this paper was awarded the Maxwell Premium of the IEE in 1996. Arising from this work, and jointly with Professor K. M. Luk of the City University of Hong Kong, Alex did some calculations on the reflection of a Gaussian beam from a plane boundary of a medium having specified permittivity and permeability. He had much earlier collaborated with Den Davies and Hugh Griffiths on a method of measuring antenna radiation patterns from the near field using a long-wire scattering technique. His main contribution now was in providing a detailed theory (17).
In 1984, after the SERC Senior Fellowship came to an end, Alex was invited to stay on in the department as an Honorary Research Fellow. At the same time, he was appointed Emeritus Professor in the University of London, both positions he held for the rest of his life.
As mentioned earlier, Alex first became a consultant to industry in about 1950 with Wayne Kerr Laboratories, at that time one of the leaders in measuring instruments for the electronics industry. This gave him the opportunity to see some of his ideas included in the manufacture of measuring equipment. He subsequently acted as a consultant to many other organizations: Ferranti, National Bureau of Standards (NBS) Boulder, GEC Schenectady, Centre Nationale d'Etudes des Télécommunications, Lannion (Brittany), Admiralty Research Establishment, Marconi Instruments, Quasar, British Aerospace (with Hugh Griffiths) and De Beers. He always found it particularly satisfying to find a solution to a real-life problem and see it included in an industrial process. His only regret was that almost none of this type of work could be published.
Marriage and family life
As a schoolboy, Alex was always pleased when his favourite aunt, Ethel Lamb, and her two daughters, Margaret and Jean, came up from their London home in Old Southgate to stay with his family in Lincoln. As time went on, he found his cousinly fondness for Margaret growing into something a lot stronger, and by the time he was an undergraduate at Imperial College, there was no doubt about it. After his graduation they were married at the earliest possible opportunity. They found a succession of temporary places to live, eventually renting a house in Ship Lane.
Margaret, who was a dancer, soon began teaching ballet, and throughout their married life-in Farnborough, Acton, Sheffield and Felden, where they lived-she always kept this interest alive with a series of dance and dance-related activities. These included ballet, modern dance, keep-fit and international folk dance. By the time they moved into their Ship Lane house, they had two small boys, Michael and David, and in 1946 their daughter, Isobel, was born (figure 1). Alex joined UCL as a lecturer in May 1946, and by September 1947, he was able, with his father's help, to buy a house in Acton. This greatly eased the travelling problem in both time and money. Also in 1947 Alex's dance band drumming activities resumed, with excellent professional musicians in London, and this helped financially quite a bit.
Their two boys were both musical. Michael became a chorister at New College Oxford, and David became a chorister at All Saints, Margaret Street. Isobel attended the Haberdashers' Aske's School in West Acton. Both boys went on to Highgate School, where David had won a music scholarship. Just before this, David entered an opera competition, and composed the music for a short opera The Chorister and the Candlesticks, for which Margaret wrote the libretto. It was not quite completed in time, but was warmly commended by Benjamin Britten, the adjudicator, calling David 'a real boy composer'. It was given a public performance by the Children's Opera Group, a real thrill for all the family.
By the early 1950s, Alex and Margaret were finding life much more comfortable, but then the move to Sheffield took place, and new plans had to be made. They found a nice house in Sheffield, and Michael and David stayed at Highgate as boarders. Isobel attended a local church school at first, eventually becoming a boarder at Dr William's School in Dolgelly. Michael taught at King's College School in Cambridge for many years, and then took a non-teaching post at Ampleforth. After a difficult start as a professional musician, David became very successful, orchestration being his principal activity, mostly for Andrew Lloyd Webber. He had two sons from his first marriage, and a son and daughter from his present wife, Jessie. All four of his children are musical, the elder boy in a professional way. Isobel, who was a senior speech therapist, is married to Mike Jarvis, headmaster of a primary school near Bedford. They have two children.
Margaret and Alex (figure 2) were extremely proud of all their children and grandchildren-they got on so well together. The many family events, when several or all of them got together, were a delight. Fortunately, they all had a great sense of fun and so there was always a lot of laughter.
The joy and solace of music
